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transistor and the non-volatile memory transistor, and wherein the second voltage-type transistor 
is positioned between the third voltage-type transistor and the first voltage-type transistor. 



Please add new claim 30 as follows: 

-30. (new) A semiconductor device as in claim 22, wherein 

the first voltage-type transistor includes a gate dielectric layer having a first thickness, 

the second voltage-type transistor includes the gate dielectric layer formed fi:'om at least 

two insulation layers, the gate dielectric layer having a second thickness, and 

the third voltage-type transistor includes a gate dielectric layer having a third thickness, 

wherein the second thickness is greater than the first thickness and the third thickness is greater 

than the second thickness. — 

REMARKS 

Claims 1-2, 4, 6-10, 12, 19, 22, 24, 26-27 and 29 have been amended and new claim 30 
was added. Claims 1-30 are currently pending. Reexamination and reconsideration are 
respectfully requested. 

Claims 1-11, 19-21 and 23 were rejected under 35 U.S.C. 103(a) as unpatentable over 
U.S. Patent No. 5,674,762 to See et al. ("See") in view of U.S. Patent No. 6,194,269 to Sung et 
al. ("Sung"). The rejection is respectfiilly traversed. 

Claims 1-2, 4, 6-10 and 19 have been amended. AppHcant respectfully submits that the 
Examiner cited no specific portion of the art that describes or suggests a device as recited in 
claim 1, which recites in part "the third transistor region including a third voltage-type 
transistor that operates at a third voltage level that is higher than the first and second voltage 
levels, wherein the device includes a first thermally oxidized gate dielectric layer formed in the 
second transistor region, and ... a second thermally oxidized gate dielectric layer formed in the 
first transistor region and the second transistor region, wherein the second thermally oxidized 
gate dielectric layer in the second transistor region is positioned on the first thermally oxidized 
gate dielectric layer." Accordingly, the rejection of claim 1 over See in view of Sung should be 
withdrawn. 
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Claims 2-11 depend from claim 1 and their rejection over See in view of Sung should be 
withdrawn for at least the same reasons as claim 1 . In addition, with respect to claim 2, applicant 
respectfully submits that the Examiner cited no portion of the art that describes or suggests a 
device "wherein the third voltage-type transistor has a gate insulation layer formed from at least 
three insulation layers, and wherein the second thermally oxidized gate dielectric layer is also 
formed in the third transistor region as one of the at least three insulation layers" as recited in 
claim 2, as amended. In addition, with respect to claim 6, applicant respectfully submits that the 
Examiner cited no portion of the art that describes or suggests a device in which "the third 
voltage-type transistor has a gate insulation layer formed from three insulation layers, and the 
gate insulation layer of the third voltage-type transistor has an identical thickness as the 
intermediate insulation layer of the non- volatile memory transistor" as recited in claim 6, as 
amended. Applicant also respectfully submits claims 7-10, which depend from claim 6, are not 
suggested by the Examiner*s citations to the art for at least the same reasons as claim 6. 

Applicant respectfully submits that the Examiner cited no portion of the cited art that 
suggests all of the elements of claim 19, including "wherein the non-volatile memory transistor 
intermediate insulation layer has a thickness that is identical to that of the gate insulation layer of 
the third voltage-type transistor." Accordingly, the rejection of claim 19 and its dependent claims 
20-21 and 23 should be withdrawn. 

Claims 1-23 were rejected under 35 U.S.C. 103(a) as unpatentable over U.S. Patent No. 
5,153,143 to Schlais et al. ("Schlais") in view of U.S. Patent No. 4,651,406 to Shimizu 
("Shimizu"). The rejection is respectfully traversed. 

Applicant respectfully submits that the proposed combination of references would not be 
made by one of ordinary skill in the art. The Examiner stated at page 3 of the Office Action that 
"with respect to the Schlais et al. references, the transistor 64 would be expected to operate at a 
higher voltage than the CMOS transistors, since the transistor 64 is associated with the memory 
device which operates at higher voltages than the CMOS transistors." However, applicant notes 
that Schlais states that "the EEPROM is designed so that it is programmable at a low voltage 
which is compatable with the low voltages typically used with the CMOS circuit." Schlais et al. 
Abstract. Thus, it appears that Schlais teaches away from the motivation suggested by the 
Examiner and thus one of ordinary skill would not make the combination suggested by the 



9 





15.14/5048 



Examiner. Accordingly, for at least the above reason, the rejection of claims 1-23 over Schlais et 
al. in view of Shimizu et al. should be withdrawn. 

The Examiner also referred to the previous Office Action (paper no. 4), which includes 
various comments concerning the obviousness of features in various claims. Applicants 
respectfully disagree with the Examiner's obviousness conclusions. The discussion above has 
directly addressed some of those comments and the Examiner's other comments are deemed moot 
at this time in view of the above response. 

Applicant has rewritten claims 12 and 22 in independent form, with minor changes for 
clarity (and not in response to any rejection) to claim 12 as rewritten. 

Applicant thanks the Examiner for indicating the claims 24, 26-27 and 29 contained 
allowable subject matter. These claims have been rewritten in independent form to include the 
limitations of the base claims and any intervening claims. 

New claim 30, dependent from claim 22, has been added. Support for the new claim may 
be found throughout the specification and original claims. No new matter was added. 

Attached hereto is a marked-up version of the claim changes made by the present 
amendment. The attached page is captioned "Version with markings to show changes made." 

Applicant respectfully submits that claims 1-30 are in condition for allowance. 
Reexamination and reconsideration are respectfully requested. If, for any reason, the application 
is not in condition for allowance, the Examiner requested to telephone the undersigned to discuss 
the steps necessary to place the application into condition for allowance. 

Respectfully submitted. 



I hereby certify that this correspondence is being deposited with the United States Postal Service 
with sufficient postage as first class mail in an envelope addressed to: Box RCE, Commissioner for 
Patents, Washington, D.C. 20231 on March ^0 ,2003 . 





KONRAD RAYNES VICTOR & MANN, LLP 

315 South Beverly Drive, Suite 210 
Beverly Hills, C A 90212 
Customer No. 24033 



(310) 556-7983 (tele general) 
(310) 871-8448 (tele direct) 
(310) 556-7984 (facsimile) 



Certificate of Mailing 



March ^ ^ . 2003 
(Date) 



Alan S. Raynes ^ 
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Version With Markings to Show Changes Made 

The specification at page 1, lines 6-13 was amended as follows: 

[The copending and commonly assigned patent application having Serial No entitled 
"Methods for Manufacturing Semiconductor Devices Having a Non- Volatile Memory 
Transistor", with Tomoyuki Furuhata and Atsushi Yamazaki listed as inventors, with docket no. 
15.1 5/5049,] U.S. Patent No. 6.429.073 is hereby incorporated by reference in its entirety. [The 
copending and commonly assigned patent application entitled "Non- Volatile Semiconductor 
Memory Devices", with Tomoyuki Furuhata and Atsushi Yamazaki listed as inventors, with 
docket no. 15.16/5050,] U.S. Patent No. 6.522.587 is hereby incorporated by reference in its 
entirety. Japanese patent application no. 1 1-177146, filed June 23, 1999, is hereby incorporated 
by reference in its entirety. 

Claims 1-2, 4, 6-10, 12, 19, 22, 24, 26-27 and 29 have been amended as follows: 

1 . (amended) A semiconductor device comprising a memory region, first, second and 
third transistor regions including field effect transistors that operate at different voltage levels, 
the memory region including a split-gate non-volatile memory transistor, 
the first transistor region including a first voltage-type transistor that operates at a first 
voltage level, 

the second transistor region including a second voltage-type transistor that operates at a 
second voltage level, and 

the third transistor region including a third voltage-type transistor that operates at a third 
voltage level that is higher than the first and second voltage levels . 

wherein the de vice includes a first thermally oxidized gate dielectric laver formed in the 
second transistor region, and 

wherein the device include s a second thermallv oxidized gate dielectric laver formed in 
the first transistor regi on and the second transistor region, wherein the second thermally oxidized 
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gate dielectric layer in the second tra nsistor region is positioned on the first thermally oxidized 
gate dielectric laver 

[wherein the second voltage-type transistor includes a gate insulation layer formed from 
at least two insulation layers, and includes gate insulation layer that is formed in the same step in 
which a gate insulation layer of the first voltage-type transistor is formed]. 

2. (amended) A semiconductor device according to claim I, wherein the third voltage- 
type transistor has a gate insulation layer formed firom at least three insulation layers, and 
wherein the second thermally oxidized g ate dielectric laver is also formed in the third transistor 
region as one of the at least three insulation lay ers [includes an insulation layer that is formed in 
the same step in which the gate insulation layer of the first vohage-type transistor is formed]. 

4. (amended) A semiconductor device according to claim 3, wherein the second 
outermost layer that contacts the control gate is formed in the same step in which the [gate 
insulation layer of the first voltage-type transistor is formed] second thermally oxidized p ate 
dielectric layer is formed . 

6. (amended) A semiconductor device according to claim 5, the third voltage-type 
transistor has a gate insulation layer formed [in the same step in which] fi-om three insulation 
layers, and the gate insulation layer of th e third voltage-type transistor has an identical thickness 
M the intermediate insulation layer of the non-volatile memory transistor [is formed, the gate 
insulation layer of the third voltage-type transistor being formed fi-om at least three insulation 
layers]. 

7. (amended) A semiconductor device according to claim 6, wherein the first voltage- 
type transistor has a gate insulation layer formed from the second thermally oxidized layer and 
has [having] a thickness of 3 - 13 nm. 
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8. (amended) A semiconductor device according to claim 7, wherein the second voltage- 
type transistor has a gate insulation layer that includes the first thermallv oxidized layer and the 
second thermally oxidi zed layer and has [having] a thickness of 4 - 15 nm. 

9. (amended) A semiconductor device according to claim 8, wherein the third voltage- 
type transistor has a gate insulation layer that includes the second thermallv oxidized laver and at 
least two ad ditional lavers and has [having] a thickness of 16 - 45 nm. 

1 0. (amended) A semiconductor device according to claim 9, wherein the second 
thermally oxidized gate dielectric laver is also formed in the memorv rep inn, wherein the non- 
volatile memory transistor has an intermediate insulation layer that includes the second thermally 
oxidized laver [having a thickness of 16 - 45 nm]. 

1 2. (amended) A semiconductor device [according to claim 1 ,] comprising a 

memory region and first, second and thir d transistor regions including field effect transistors that 
operate at different voltage levels: 

the memorv region includi ng a spHt-gate non-volatile memorv transistor, 
the first transistor region incl uding a first voltage-tvpe transistor that operates at a first 
voltage level: 

the second transistor region in cluding a second voltage-type transistor that operates at a 
second voltage level: and 

the third transistor region includi ng a third voltage-tvpe transistor that operates at a third 
voltage level: 

wherein the second voltage-tvp e transistor includes a gate insulation laver formed from at 
least two insulation layers, and includes an insulation layer that is formed in the same step in 
which a gate insulation l ayer of the first voltage-tvpe transistor is formed: and 

wherein the first voltage level that operates the first voltage-type transistor is 1.8 - 3.3 V, 
the second voltage level that operates the second voltage-type transistor is 2.5 - 5 V, and the 
third voltage level that operates the third voltage-type transistor is 10 - 15 V. 
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1 9. (amended) A semiconductor device comprising: 

a memory region including a split-gate non-volatile memory transistor; 
a first transistor region including a first voltage-type transistor that operates at a first 
voltage level; 

a second transistor region including a second voltage-type transistor that operates at a 
second voltage level that is different than the first voltage level; and 

a third transistor region including a third voltage-type transistor that operates at a third 
voltage level that is different than the second voltage level; 

[u^herein the second vohage-type transistor includes a gate insulation layer formed from 
at least two insulation layers] 

v^herein the n on- volatile memory transistor intermediate insulation layer has a thickness 
that is identical to that of the gate insulation layer of the third voltage-type transistor . 

22. (amended) A semiconductor device [as in claim 19,] comprising: 

a memory region including a split-gate non- volatile memory transistor: 
a first transistor region including a first voltage-type transistor that operates at a first 
voltage level: 

a second transistor region including a second voltage-type transistor that operates at a 
second voltage level that is different than the first voltage level: and 

a third transist or region including a third voltage-type transistor that operates at a third 
voltage level that is different than the second voltage level: 

wherein the second voltage-type transistor includes a gate insulation layer formed from at 
least two insulation layers: and 

wherein the first voltage level is in the range of 1.8 to 3.3 V, the second voltage level is in 
the range of 2.5 to 5 V, and the third voltage level is in the range of 10 to 15 V. 

24. (amended) A semiconductor device [as in claim 2 1 J comprising: 

a memory region including a split-gate non-volatile memory transistor: 
a first transistor region including a first voltage-type transistor that operates at a first 
voltage level: 
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a second transistor re ^o n including a serond voltage-tvp e tra nsistor that np pr.t.. . 
second voltage level that is d ifferent than the, first voltap e level; pnH 

a third transistor repion includi ng a third v olt age-tvne tr.n.i.tnr that onerates .t . th.VH 
voltage level that is diffe rent than the second voltatr e level; 

wherein the second voltRp e- type tra nsistor inclu des a gate insnl.Hn n layer formed frnn, .t 
least two insulation layers: 

wherein the non-volatile memory transistor oom prises a sonme . drain, a ^ate in.nl.Hnn 
layer, a floatini^ gate, an intermediate insulation l.y er .danted to fi.netinn .5 a tunnel insnl.Hnn 
layer, and a control gate, wherein the intermediate in.nl.t ion laver i. fnm.eH fi-om at lea.t three 
insulation layers, wherein a first insulation layer contaet. the f ioatin. gate anH . th,VH .•.e.,...;.^ 
layer con tacts the control gate: and 

wherein the third voltage-type transistor has a gate insulation layer formed from at least 
three insularion layers, wherein the at least three insulation layers of the third voltage type 
transistor are identical in composition to the at least three insulation layers of the intermediate 
insulation layer of the non-volatile memory transistor. 

26. (amended) A semiconductor device [as in claim 25,] comprising : 

a memory region including a snlit-Pate non-volatile memory tran.sistnr; 
a first transistor region including a first vnlt.q e-tvpe transistor that operates at . fir.t 
voltage level; 

a second transistor region includin g a second v o ltage-tvne fran..i.to r that oner.te. .t . 
second voltage level that is diff erent than the firs t voltage level- anH 

a third transistor region including a third volt. p e-tvne transistor th at operate, .t . th.VH 
voltage level that is differe nt than the serond voltag e level; 

wherein the second voltage-t^pe tra nsistor includ es a gate insnLtion laver formeH frnr. 
least two insulation lay ers; 

wherein the non-volatile memory tr ansistor compr ises a source . Hr^i n. a gate insnl.tion 
layer, a floating gate, an intermediate insulation layer . d apted to fiinction as a tunnel insnLtinn 
layer, and a control gate, wherein the intermediate insnl. fion kver is formed from at le.st three 
insulation layers, wherein a first insulation laver contorts the floating gate .nH . third insulation 



15 



15.14/5048 

layer contacts the control gate: 

wherein the first voltage-type transistor has a gate insulation layer having a thickness that 
is less than that of the second voltage-type transistor, and the second voltage-type transistor has a 
gate insulation layer having a thickness that is less than that of the third voltage type transistor: 
and 

wherein the non- volatile memory transistor intermediate insulation layer has a thickness 
that is identical to that of the gate insulation layer of the third voltage-type transistor. 

27. (amended) A semiconductor device [as in claim 25,] comprising: 

a memory region including a split-gate non-volatile memory transistor: 
a first transisto r region including a first voltage-tvpe transistor that operates at a first 
voltage level: 

a second transistor region including a second voltage-type transistor that operates at a 
second voltage level that is different than the first voltage level: and 

a third transist or region including a third voltage-type transistor that operates at a third 
voltage level that is different than the second voltage level: 

wherein the se cond voltage-type transistor includes a gate insulation layer formed fi-om at 
least two insulation layers: 

wherein the n on- volatile memory transistor comprises a source, a drain, a gate insulation 
layer, a floating gate, a n intermediate insulation layer adapted to function as a tunnel insulation 
layer, and a control gat e, wherein the intermediate insulation layer is formed fi-om at least three 
insulation layers, wher ein a first insulation laver contacts the floating gate and a third insulation 
layer contacts the control gate: 

wherein the first voltage-type transistor has a gate insulation layer having a thickness that 
is less than that of the second voltage-type transistor, and the second voltage-tvpe transistor has a 
gate insulation layer having a thickness that is less than that of the third voltage type transistor: 
and 

wherein the first vohage-type transistor is positioned adjacent to the non-volatile memory 
transistor, the second voltage-type transistor is positioned adjacent to the first voltage-type 
transistor, and the third voltage-type transistor is positioned adjacent to the second voltage-type 
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transistor, wherein the first voltage type transistor is positioned between the second voltage type 
transistor and the non-volatile memory transistor, and wherein the second voltage-type transistor 
is positioned between the third voltage-type transistor and the first voltage-type transistor. 

29. (amended) A semiconductor device [as in claim 28,] comprising: 
a memory region including a spli t-gate non-volatile memorv transistor- , 
a first transistor region in clud in g a fir st voltage-tvp e transistor that operates at a first 
voltage level: 

a second transistor regio n including a second voltape-tvpe transistor that onerate.s at a 
second voltage level that is different than the first voltage level: and 

a third transistor region including a third voltage-tvpe transistor that operates at a third 
voltage level that is dif ferent than the second voltage level: 

wherein the second vol tage-typ e t r a nsi stor includes a gate insulation laver formed fi-om at 
least two insulation lavers; 

wherein the non-volatile memorv transistor comp ri ses a source, a d rain, a gate insulation 
layer, a floating gate, an intermediate insulatio n laver adapted tn fiinction as a tunnel insulation 
layer, and a control gate, wherein the interm e diate insulation laver is formed from at least three 
insulation layers, wherein a first insulation laver c ontacts the floating gate and a third insulation 
laver contacts the control gate: 

wherein the first voltage-type fa-ansistor operates at a lower voltage ranee than that of the. 
second voltage-type transistor, and the second v oltage-tvne transistor operates at a lower voltage 
range than that of the thi rd voltage-tvpe transistor: and 

wherein the first voltage-type transistor is positioned adjacent to the non-volatile memory 
transistor, the second voltage-type transistor is positioned adjacent to the first voltage-type 
transistor, and the third voltage-type transistor is positioned adjacent to the second voltage-type 
transistor, wherein the first voltage type transistor is positioned between the second voltage type 
transistor and the non-volatile memory transistor, and wherein the second voltage-type transistor 
is positioned between the third voltage-type transistor and the first voltage-type transistor. 
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